Background: Neutropenia and its complications represent the major dose-limiting toxicity of cancer
Introduction
The risk of cancer rises progressively with increasing age, with approximately 80% of all cancers occurring in individuals over 60 years of age. 1 Cancer in the elderly raises numerous important issues that must be considered in clinical decision-making and healthcare policy formation. 2, 3 Aging is associated with a progressive decline in the functional reserve of the bone marrow as well as other organ systems. 4 Myelosuppression represents the most common dose-limiting toxicity associated with systemic cancer chemotherapy.
The hematopoietic growth factors including granulocyte colony-stimulating factors (G-CSFs) and granulocyte-macrophage colony-stimulating factors (GMCSFs) reduce the severity and duration of neutropenia and associated infectious complications such as febrile neutropenia (FN). 5 A recent meta-analysis of randomized, controlled trials of the use of prophylactic G-CSF in patients receiving cancer chemotherapy has confirmed its effectiveness across disease entities and treatment regimens. 6 This article summarizes the evidence that severe and febrile neutropenia has major clinical, economic and quality of life effects on elderly cancer patients receiving systemic chemotherapy. In addition, evidence supporting the efficacy and safety of the CSFs in elderly cancer patients receiving chemotherapy is reviewed and updated with recent studies conducted under the auspices of the Awareness of Neutropenia in Chemotherapy Study Group. Finally, evidence is provided based on clinical, economic and quality of life considerations for the use of G-CSF as primary prophylaxis of severe and febrile neutropenia in elderly cancer patients receiving moderately intensive systemic chemotherapy.
Age and the Risk of Severe and Febrile Neutropenia
Aging is associated with a progressive restriction in functional, medical, cognitive, emotional, nutritional, and socioeconomic domains due to a loss in the functional reserve of multiple organ systems, increased prevalence of comorbidities and polypharmacy, more limited social support, reduced ability to process new information and to adapt to environmental changes, and reduced income. The prevalence of age-related changes including functional dependence, comorbidity, and the risk of chemotherapy-related toxicity increase more rapidly after age 70. 7, 8 Comorbidities may be * All patients received GM-CSF prophylactically. ** First cycle results only. VNCOP-B = cyclophosphamide, mitoxantrone, vincristine, etoposide, bleomycin, and prednisone VMP = etoposide, mitoxantrone, and prednimustine CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone CTVP = cyclophosphamide, pirarubicin, vincristine, and prednisone P/DOCE = epirubicin or doxorubicin, vincristine, cyclophosphamide, etoposide, and prednisone P-VEBEC = epirubicin, cyclophosphamide, etoposide, vinblastine, bleomycin, and prednisone CNOP = cyclophosphamide, mitoxantrone, vincristine, and prednisone CHVmP/VB = cyclophosphamide, doxorubicin, teniposide, prednisone, vincristine, and bleomycin NR = not reported A number of clinical and experimental observations suggest an age-related reduction of hematopoietic stem cells in humans, including a progressive restriction in hematopoietic tissue with age that is associated with an increased mortality from infection. 9 While there is evidence for a decline in hematopoietic reserve with age, this decline becomes clinically relevant only under conditions of stress. An increased incidence of neutropenia and FN as well as thrombocytopenia following systemic chemotherapy has also been reported.
The risk of neutropenia as well as its duration and severity has been shown to increase with the age, particularly after age 70. The risk of severe neutropenia in studies of elderly patients with non-Hodgkin's lymphoma (NHL) treated with modern chemotherapy regimens has ranged from 15% to 89%, averaging 50% across all studies (Table 1) . [10] [11] [12] [13] [14] [15] [16] [17] The risk of FN ranged from 3% to 50%, averaging 27% across all studies. Finally, the risk of treatment-related mortality ranged from 0 to 30%, averaging 7% across all studies. Across these clinical trials, the response rate to moderately aggressive chemotherapy appeared comparable to that achieved in younger patients, with complete remission rates ranging from 46% to 67% and median survivals of 3 to 5 years. In a recent study, the addition of rituximab to CHOP chemotherapy increased complete remission rates and median disease-free survival in elderly patients with NHL. 18 While not explicitly reporting on FN, fever and infection represented the major serious toxicities in patients with these regimens. The treatment protocol called for G-CSF support after episodes of severe or febrile neutropenia and was required in 37% by the fourth cycle and 43% by the eighth cycle. 18 A number of efforts to identify risk factors for the occurrence of FN or its consequences in those with established FN have been reported. A systematic review of published studies of risk models for FN and its consequences has recently been published. 19 Virtually every study of risk factors for neutropenic complications in patients receiving cancer chemotherapy has identified increasing age as a significant independent predictor of severe neutropenia or serious medical consequences of FN, including death. In a recent study of 1,243 community practices, risk factors for FN were assessed in 20,799 women receiving various adjuvant breast cancer chemotherapy regimens. 20, 21 The risk of FN for various chemotherapy regimens among women aged 65 and over ranged from 5% to 23% (Fig 1) . Increasing age was a significant independent predictor in multivariate model of risk of FN across a number of adjuvant breast cancer treatment regimens. Patients over 65 years of age experienced nearly twice the rate of reduced dose intensity in multivariate analyses after adjustment for the type of regimen that was utilized. In a recent prospective study of 729 women started on adjuvant chemotherapy for early-stage breast cancer, the decision to begin growth factor support was determined on the basis of the first-cycle absolute neutrophil count (ANC) nadir. 22 If the first-cycle ANC was ≤500 cells/mm 3 , women were given prophylactic G-CSF for all subsequent cycles, whereas all other patients received growth factor support only if a neutropenic event actually occurred. In further analysis of these data, pretreatment factors predictive of first-cycle hematologic toxicity included age over 65, white race, use of an anthracyclinecontaining regimen, body surface area less than 2 M 2 , and low baseline ANC. 23 Significant predictors of subsequent neutropenic complications including FN were age 65 years or greater and first-cycle events including ANC nadir, FN, and a drop in hemoglobin by 1 g/dL or more. While the risk of FN increases progressively as the number of risk factors increases, the presence of one or more risk factor is associated with a significantly higher cumulative risk over the course of treatment (Fig 2) . The risk of a neutropenic event including FN is not uniformly distributed across treatment courses. The risk of FN with each cycle depends on dose intensity, age, growth factor usage, and prior treatment. Thus, in patients continuing to receive full dose intensity, the risk may increase with each subsequent cycle, with the greatest risk for those who have experienced FN on a previous cycle. However, the risk of the initial FN event appears to be greatest during the first one or two cycles of chemotherapy. The risk of initial FN in 577 patients with NHL receiving cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) chemotherapy demonstrated that 58% of patients destined to experience one or more episodes of FN do so during the first cycle of CHOP. 24, 25 Risk factors for early FN event included age, low hemoglobin, patients with heart or renal disease, planned dose intensity >80%, and the failure to provide primary G-CSF prophylaxis. We have recently reported a doubling of the risk of FN in patients receiving CHOP therapy for NHL over the age of 65. The major difference in risk of the initial episode of FN in older patients is observed during the first cycle of CHOP chemotherapy (Fig 3) .
Age and the Risk of Medical Complications of Febrile Neutropenia
Recent studies have demonstrated that the risk of serious medical complications including death is greater among elderly cancer patients receiving chemotherapy than in younger patients, even after adjustment for severe burden of illness, complexity of infection, uncontrolled cancer, or neutrophil counts on admission. Age was a significant predictor of serious medical complications, including death, among patients with FN evaluated by the Multinational Association for Supportive Care in Cancer scoring system. 26 In this multinational study of more than 1,100 episodes of FN from 15 countries, analysis of 339 episodes in patients with solid tumors, excluding marrow/stem cell transplants and patients receiving therapeutic CSF, demonstrated that age over 60 was a signif- -Actuarial plot of the time to first subsequent neutropenic complication in women receiving adjuvant systemic chemotherapy for early-stage breast cancer. A risk score was generated based on four independently significant factors: age ≥65 years, first-cycle events including an FN episode, ANC <500/mm 3 , and a decrease in hemoglobin >1 g/dL. Shown are the cumulative risk of subsequent neutropenic events in those with no risk factors and those with one or more risk factors (P<.0001). In a recent study of more than 55,000 episodes of FN reported to the University HealthSystem Consortium over a 6-year period, associated mortality was significantly increased among those age 65 and older (OR = 1.55 [1.45, 1.65]; P<.001). 27 Thus, the consequences of severe and febrile neutropenia in older individuals may be devastating, leading to early death or serious illness associated with functional dependence requiring prolonged and costly rehabilitation.
Age and the Cost of Febrile Neutropenia
The major economic impact of neutropenic complications is the cost associated with hospitalization and the ensuing length of stay. Economic studies of FN in the multiple institutions reporting discharge data to the University HealthSystem Consortium including 115 academic medical centers have been reported. 28, 29 A total of 55,276 episodes of FN in 41,779 adult non-transplant patients have been reported over a 6-year period. The average age of the patients was 53.6 years, 73% were white, and 54% were women; 53% had a solid tumor, 26% had lymphoma, and 21% had leukemia. As shown in Fig 4, the distribution of length of stay among the 14,741 patients over the age of 65 is skewed to the right, with a median length of stay of 6 days but a mean of 10.7 days in this population. Longer lengths of stay were associated with more frequent comorbidities, complications, and mortality. Hospital mortality increased progressively with increasing age (Fig 5) . As shown for the population as a whole, the cost of caring for FN among patients age 65 and older increased over the 6 years of observation from $1,275 (US) per day to over $1,700 per day, with the total cost per episode of FN increasing approximately 25% over this time period (Fig 6) .
Age and Reduced Chemotherapy Dose Intensity
In the community-based study of 20,799 women receiving various adjuvant breast cancer chemotherapy regimens discussed above, older women were also more likely to experience significant reductions in dose intensity relative to either target dose intensity or published reference standards with these regimens. 20, 21 The proportion of women receiving less than 85% of reference standard dose intensity was 53% for those less than 65 and 67% in those age 65 and over (Fig 7) . In fact, nearly 
Age and the Effectiveness of Hematopoietic Growth Factors
Several studies of the efficacy of the CSFs on the prevention of neutropenic complications including infection risk associated with cancer chemotherapy in a variety of malignancies using different chemotherapy regimens have been reported. 5, [30] [31] [32] [33] [34] [35] [36] Controlled clinical trials conducted in both Europe and the United States have demonstrated the ability of recombinant human G-CSF (rHu-G-CSF, filgrastim) to reduce the risk of FN associated with systemic chemotherapy when administered prophylactically prior to the onset of fever or neutropenia. A systematic review with a formal meta-analysis of all randomized, controlled trials of prophylactically administered G-CSF in patients receiving cancer chemotherapy was recently reported. 6 Summary estimates across the eight trials that were identified confirmed a high level of efficacy and safety across a wide variety of disease entities and treatment regimens (OR = 0.38; P<.001). In addition, patients randomized to receive G-CSF experienced fewer episodes of documented infection (OR = 0.51; P<.001) as well as fewer dose reductions and treatment delays (OR = 0.32; P<.001). The OR (±95% CLs) for mortality was 0.60 (0.30, 1.22), suggesting but not proving a 40% reduction in the odds of mortality (P=.16).
Although the sensitivity of hematopoietic progenitors to endogenous cytokines may be compromised in the elderly, sensitivity to therapeutic doses of recombinant G-CSF appears well maintained. The effectiveness of G-CSF in older patients has been established in a number of studies. 37 A systematic review of controlled clinical trials totaling nearly 700 patients with NHL demonstrated that the use of G-CSF in older patients is associated with decreased risk of severe and febrile neutropenia 38 ( Table 2 ). The risk of severe and febrile neutropenia was 72% and 36%, respectively, across all comparative trials for those not receiving CSF and 44% and 22%, respectively, among those receiving CSF support. Focusing only on the randomized, controlled trials, the risk of severe and febrile neutropenia was 79% and 42%, respectively, among those not receiving CSFs and 50% and 25%, respectively, among those receiving CSF 8B) . As also shown in 
Economic Analysis of the Colony-Stimulating Factors in the Elderly

Economic Analyses
Management of older individuals with cancer is often more costly and less cost-effective than that of managing younger patients due to increased risk of therapeutic complications and the reduced potential for benefit due to limited life expectancy and less responsive malignancies than in younger patients. 2, 3 Economic analyses must consider the clinical outcome as well as the economic outcome or cost and are of greatest value when the clinical outcome is the same or better but the cost is increased. When clinical outcomes differ, the most commonly utilized approach is that of cost-effectiveness. A cost-utility analysis can be conducted in the same fashion by utilizing a qualityadjusted outcome measure such as quality-adjusted life-years as the clinical outcome of interest. However, when clinical outcomes are not considered substantially different, the focus of the economic analysis is directed at minimizing cost or choosing the approach associated with the least cost. A variety of economic analyses of the hematopoietic growth factors have been presented over the last several years.
39-41
Cost-Minimization Models
A decade ago Lyman et al 42, 43 undertook a cost minimization analysis based on a decision analytic model incorporating the results of the pivotal randomized, controlled trial of G-CSF reported by Crawford and colleagues 5 (Fig 9) . This study concluded that when only itemized direct medical costs of hospitalization at a single institution are considered, the use of G-CSF is associated with an overall cost savings in situations when the risk of FN is 40% or higher. Above this threshold, a net cost savings is estimated, while below the threshold a net excess cost is projected, although their continues to be offsetting cost for CSF through the reduction in hos- Combinations of risk and cost above the threshold are associated with a reduction in cost with the use of prophylactic G-CSF, and those below the threshold curve are associated with greater cost with the use of G-CSF. Three sequential cost estimates and the accompanying risk threshold are shown: thin line = based on the original estimate of direct medical costs for hospitalization (threshold = 40%), 42 thick line = based on revised cost estimates of total hospital costs (threshold = 23%), 44 and dotted line = based on full cost estimates including total hospital costs and indirect costs (threshold = 18%). 46 pitalization for FN. In a more recent analysis including the total direct institutional costs of treating FN, threshold risks in the range of 20% to 25% were estimated (Fig  10) . 44 This study also demonstrated that patients with FN are heterogeneous, with low-risk patients experiencing relatively uncomplicated short-term admissions and high-risk patients being likely to have more complicated and prolonged hospitalizations that account for the majority of cost. Based on a recent meta-analysis, 6 the threshold risk of FN when managing high-risk patients such as the elderly was found to be less than 20%. In sensitivity analysis, the cost-saving threshold decreases as the cost per day and length of stay for FN increase. These models have been further expanded and refined to consider indirect and out-of-pocket costs as well as quality of life, incorporation of an ambulatory treatment option for FN in selected low risk patients, and the use of predictive models permitting individualization of risk estimation and selection of high-risk patients for targeted G-CSF prophylaxis.
Incorporation of Indirect Costs
Estimated additional indirect and patient out-ofpocket costs have been incorporated into the cost-minimization model discussed above for the prophylactic use of the CSFs. These costs were added to the direct costs of hospitalization for FN as well as for those of the growth factor and its administration. 45, 46 The additional costs in the branches for patients treated with prophylactic CSF were adjusted based on an assumption of efficacy of a risk reduction of severe neutropenia of 50% with prophylactic CSF. A sensitivity analysis was then conducted across a range of potential indirect cost estimates from $0 to $5,000 per inpatient FN episode. As the estimates for indirect costs increase, the threshold favoring the use of CSF decreases from the baseline estimate. When the indirect and patient out-of-pocket costs attributable to severe neutropenia approach that estimated from the survey data of $3,834 per episode, the risk threshold is reduced to 18% (Fig 10) .
Incorporation of Quality of Life Considerations
Little investigation has been conducted on the impact of neutropenia and its complications on quality of life or on the impact of the CSFs. Preliminary efforts to study the impact of severe neutropenia on patient quality of life have been reported using various health profile measures. In a series of studies in a practice setting, changes in quality of life were measured weekly in patients scheduled to receive myelosuppressive chemotherapy without growth factor support using the Short-Form 36 (SF-36), the Hospital Anxiety and Depression Scale, and the Psychological Adjustment to Illness Scale. 47, 48 Significant correlations were observed between changes in neutrophil counts and measures of physical functioning, general health, vitality, and mental health. The greatest decrease in quality of life was observed in patients with grade 4 neutropenia. An effort is currently underway to develop a more sensitive and specific measure for detected changes associated with severe or febrile neutropenia in patients undergoing cancer chemotherapy. This approach is modeled after the Functional Assessment of Cancer Therapy (FACT) health profile scales and is termed the FACT-N. The current version of the tool consists of 19 questions generated from semistructured interviews and previous studies. The measure has been found to have good construct validity and internal consistency. 49 Additional early efforts have attempted to evaluate the impact of neutropenia and the hematopoietic growth factors on patient quality of life by eliciting patient preferences or utilities for anticipated health states. Using techniques such as a standard reference gamble and time trade-off, quality of life can be assessed more globally but without detailed information about the impact on the various dimensions of quality of life. Preliminary data assessed as willingness to pay to avoid FN corresponded to daily costs ranging from $0 to $500. The generated utilities may permit the conduct of useful cost-utility analyses even in the absence of proven effects on patient survival and will also extend previous work on the incorporation of quality of life measures into cost minimization risk threshold models. 50 The issue of quality of life assessment and the impact of G-CSF in patients with cancer and HIV has been recently reviewed.
51
Incorporation of an Ambulatory Treatment Option
It is now possible to identify a population of patients at lower risk for serious medical complications and thus potential candidates for outpatient treatment of FN with antibiotics with or without G-CSF. The Multinational Association for Supportive Care in Cancer has developed a formal scoring system for evaluating cancer patients with FN for possible outpatient management. 26 It has been suggested that such an approach will reduce the costs associated with episodes of FN based on the reduced need for hospitalization of a proportion of these patients. 52, 53 The limitations of this approach have been extensively discussed including (1) the need for a nearly zero predictive value negative, (2) the need for a substantial (and costly) infrastructure and organization to manage patients with FN as outpatients, and (3) the large number of logistical and social issues that must be addressed (eg, proximity to the healthcare facility, chemotherapy such as the NHLs, age appears to be associated with sufficient risk of FN and its complications within the first one or two cycles to provide compelling clinical and economic arguments for primary prophylaxis of all patients receiving such regimens with G-CSF. 24 Incorporation of a risk-model-targeted strategy for primary prophylaxis in NHL into an economic model discussed above demonstrates that in high-risk populations, eg, the elderly, primary prophylaxis of all patients represents the most cost-effective approach.
In other responsive malignancies that are often treated with less aggressive chemotherapy regimens, such risk models can enhance the cost-effective use of the CSFs. Silber and colleagues 57 described a clinical prediction model that was based on a population receiving adjuvant breast cancer chemotherapy and incorporated baseline and first-cycle hematologic data. The model was capable of discriminating high-risk women for future neutropenic complications, which might compromise dose intensity and long-term outcome. Based on the importance of sustained dose intensity on disease-free survival reported in patients with earlystage breast cancer, Silber et al 58 studied a strategy of targeted G-CSF support in the one-half of women at greatest risk in order to sustain dose intensity compared with a standard dose-reduction strategy in such patients. The estimated cost effectiveness for the G-CSF support strategy for high-risk patients of $34,000 per life-year gained was reasonably robust across a range of baseline assumptions. The value of such a simple prediction tool for reducing the risk of neutropenic complications with targeted use of the CSFs has been validated prospectively. 22 As discussed previously, women receiving adjuvant breast cancer chemotherapy who were assigned to G-CSF using a simple risk model consisting of the firstcycle ANC nadir experienced fewer episodes of hospitalization for FN (P<.001) and greater dose intensity (P=.003) than historical controls without such a strategy. It has also been shown in this same population that consideration of age and first-cycle events (eg, FN, a drop in hemoglobin >1 g/dL, ANC nadir <500/mm 3 ) permits more accurate risk prediction. 23 Patients age 65 and older who experience severe or febrile neutropenia and/or a drop in hemoglobin >1 g/dL during the first cycle of chemotherapy experience a subsequent risk of FN in the range of 10% to 20% and all neutropenic complications of 30% to 40%. These data thus provide compelling clinical and economic arguments for subsequent prophylaxis with G-CSF of all additional cycles in elderly patients experiencing significant first-cycle hematologic toxicity in order to reduce serious complications and sustain chemotherapy dose intensity.
Efforts are underway to develop more accurate risk models and to validate their use based on prospective-availability of a full-time caretaker, sufficient awareness and education concerning the seriousness of the condition). These issues are potentially problematic for the management of FN in the elderly cancer patient. Nevertheless, it has also been suggested that the reduction in cost that is likely with outpatient management of patients with FN will have a direct impact on raising cost-minimization thresholds that are largely driven by the costs of hospitalization for FN. However, such an approach will likely increase indirect and out-of-pocket expenses to the family and other caretakers. More fundamentally, patients with FN are a heterogeneous population with considerable variation in length of stay and in the potential risk for serious medical complications, including death. In fact, high-risk patients with long hospitalizations drive most of the associated cost, while low-risk patients generally have relatively short hospitalizations and contribute a relatively small proportion of the costs associated with FN. This association, combined with the cost of the required infrastructure to develop and maintain an ambulatory FN treatment program, questions the economic impact of such a strategy, particularly in the care of the elderly patient with FN. A recent analysis of an economic model for the use of the CSFs incorporating an ambulatory treatment strategy for low-risk FN patients demonstrated that such an approach has minimal impact on risk thresholds for CSF use due to the continued need for hospitalization of high-risk individuals who generate longer hospitalizations and greater cost. 54 
Clinical Prediction (Risk) Models
The use of CSFs in all patients at risk for severe neutropenia or its complications has been considered cost prohibitive. Selecting patients for CSF use has generally been based on the previous occurrence of such complications, the intensity of the chemotherapy regimen selected, or the clinical perception of risk. Several investigators have attempted to complement such considerations in order to improve the ability to predict those at greatest risk of neutropenia. 55, 56 Virtually all of these efforts have led to the conclusion that increasing age is one of the strongest risk factors for the occurrence of FN or its serious medical consequences, including death. In addition, increasing age has been associated with considerable decreases in dose intensity in this population, potentially compromising long-term disease control. As we and others have shown, consideration of comorbidities as well as disease and treatment-related factors permits the more accurate discrimination of high-and low-risk patients, thus allowing the more effective and cost-effective application of the CSFs in those in greatest need and most likely to benefit. In malignancies that require moderately intensive ly collected data to assist clinicians in the selection of high-risk patients and the targeting of supportive care measures such as the CSFs. 59 The economic impact of incorporation of a risk or clinical prediction model into a treatment decision pathway for the management of patients at risk for FN depends on the risk of FN in the population and the test performance characteristics of the model. As more accurate risk models are developed that are independently validated in a variety of clinical settings, their value to clinicians in providing optimal care to the cancer chemotherapy patient as well as to society in terms of obtaining the most value with limited resources can be anticipated.
Conclusions and Recommendations for Colony-Stimulating Factor Use in the Elderly
We conclude that older individuals receiving myelosuppressive chemotherapy are at increased risk for severe and febrile neutropenia, which may result in mortality from overwhelming infection. The morbidity and perhaps mortality associated with severe or prolonged neutropenia can be reduced by the use of hematopoietic growth factors. Recently updated guidelines for the hematopoietic growth factors from the American Society of Clinical Oncology have only partially addressed issues related to the elderly cancer patient. 37 Specific recommendations for the use of the hematopoietic growth factors in the elderly cancer patient have recently been developed for the National Comprehensive Cancer Network (NCCN) including (1) using the CSFs prophylactically in cancer patients aged 70 and older receiving chemotherapy with the dose intensity of CHOP, (2) maintaining hemoglobin levels at ≥12 g/dL with erythropoietin, and (3) adjusting renally excreted drugs to the patient's glomerular filtration rate. 41 Similar recommendations have recently been presented by the EORTC Cancer in the Elderly Task Force. 60 The studies reviewed here support primary prophylaxis with G-CSF in patients aged 70 and older treated with regimens of comparable dose intensity to that of CHOP. In addition, the data support the subsequent use of G-CSF in older patients experiencing severe or febrile neutropenia and anemia during the initial cycle of adjunctive chemotherapy for early-stage breast cancer. These recommendations are based primarily on clinical efforts to provide optimal efficacious chemotherapy, to reduce life-threatening toxicity, and to improve quality of life in the elderly population. However, with the continuing rise in healthcare costs associated with hospitalization for FN, the economic arguments supporting the use of prophylactic G-CSF in elderly cancer patients are increasingly strong. The introduction of a potentially more effective and long-acting pegylated G-CSF provides additional opportunities for the optimally effective, safe, and convenient supportive care of elderly patients receiving cancer chemotherapy.
Note
Since this manuscript was accepted for publication, an additional randomized controlled trial of CHOP chemotherapy with and without G-CSF support in patients age 65 to 90 with aggressive non-Hodgkin's lymphoma (NHL) has been reported. 61 Fewer infectious complications were observed with G-CSF during the first cycle when patients were receiving full-dose chemotherapy (20% vs 32%). There was no difference in overall mortality with 123 deaths in each study arm, most of which were due to NHL. Deaths due to infection were reduced in those receiving G-CSF (16 vs 11), but the difference did not reach statistical significance. The number of patients dying of unknown causes was also imbalanced favoring G-CSF (11 vs 4). If infectious and unknown deaths are combined, G-CSF treatment was associated with lower cause-specific mortality than non G-CSF (P=.04).
Note that this study utilized an unconventional fixed dose of G-CSF of 300 µg daily regardless of patient weight. This may have led to a consistent under-dosing of G-CSF in approximately 85% of the patients in this study. In addition, the study was underpowered (50%) for the primary endpoints of disease-free and overall survival. It was completely underpowered for the quality of life and economic measures collected in small subgroups of patients, so no meaningful conclusions can be drawn from these results.
